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Summary  The  friction  at  the  piston  ring  cylinder  liner  assembly  (PRLA)  is  a  major  contributor
in the  total  friction  losses  in  the  I.C.  engine.  New  materials,  coatings  and  high-tech  machining
processes that  previously  were  considered  to  be  too  expensive  and  therefore  only  used  in  com-
plex applications  are  today  becoming  more  affordable.  A  signiﬁcant  amount  of  the  total  power
loss in  a  modern  automotive  engine  is  due  to  the  Friction  interaction  between  the  top  com-
pression ring  and  the  cylinder  liner,  especially  at  the  TDC  and  BDC  where  boundary  lubrication
exists. The  change  in  piston  speed  is  accompanied  with  change  the  lubrication  regime  in  the
cylinder, which  results  change  in  friction  between  the  ring  and  the  liner  during  the  entire  stroke
of the  piston.  Theoretical  modelling  of  friction  force  from  the  various  sources  of  friction  will  be
compared to  experimental  results  for  analysing  the  tribological  characteristics.  The  appropriate
sample of  piston  ring  and  cylinder  liner  pair  is  developed  for  studying  the  different  tribological
parameters  on  Reciprocating  Tribometer.  The  variable  parameters  are  engine  speed,  oil  viscos-
ity, and  load.  The  experimental  results  and  observations  are  studied  under  different  operating
conditions  in  speed  ranges  from  300  rpm  to  1500  rpm  with  constant  load  of  60  N.  It  can  be  seen
that as  speed  increases,  the  friction  force  and  friction  coefﬁcient  also  decreases.
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ribological  interactions  between  the  piston  assembly  and
he  liner  surface  exert  a  signiﬁcant  inﬂuence  on  the  mechan-
cal  friction  losses  of  internal  combustion  engines.  Typically,
%  of  total  engine  fuel  energy  is  dissipated  through  the  pis-
on  assembly  friction  loss,  mainly  due  to  piston  skirt  and
iston  ring  pack  loss  (Gohar  and  Rahnejat,  2008).
icle under the CC BY-NC-ND license (http://creativecommons.org/
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Therefore,  the  piston  is  used  in  this  study  different  from  the
one  designed  for  the  original  engine.
Furthermore,  a  miniature  unidirectional  piezo  electric
friction  sensor  is  mounted  on  one  end  of  the  supporting
Figure  1  Reciprocating  friction  measurement  test  rig.00  
Interaction  between  piston  assembly  and  cylinder  liner  is
he  most  complicated  tribological  behaviour  in  reciprocating
nternal  combustion  engines.  Piston  assembly  is  subjected
o  large,  rapid  cyclic  variations  of  pressure,  speed  and
emperature.  Both  experimental  and  theoretical  studies  of
iston  assembly  lubrication  have  demonstrated  that  piston-
ing  pack  operates  in  the  hydrodynamic  lubrication  regime
uring  middle  of  the  stroke  where  the  piston  travels  most
uickly.  Established  understanding  tribological  performance
f  reciprocating  internal  combustion  engines  require  both
iston  assembly  lubrication  and  cylinder  liner  wear  must
e  considered  together.  This  study  enhances  the  interaction
f  the  piston  assembly  frictional  behaviour  with  effect  of
hanging  variation  of  speeds  and  variation  of  loads.
urvey of PRLA friction
ufti  and  Priest  (2005)  have  used  the  single  cylinder  Ricardo
ydra  Gasoline  car  engine  under  ﬁred  condition  to  mea-
ure  the  piston  assembly  friction  losses  and  observed  that
op  compression  ring  contributes  33%  higher  power  loss  than
econd  compression  ring  at  different  operating  conditions.
oorman  (2000)  observed  the  motoring  friction  in  motorised
ngine  increase  with  the  speed.  Ting  (1985)  has  studied  the
ench  test  for  piston  ring  assembly  force  which  found  to
ncrease  with  piston  speed  and  also  observed  the  increase
n  wear  with  low  viscosity  oil.  Bhatt  and  Mistry  (2000)  have
erformed  experiments  on  150  CC  motorised  test  rig  with
ifferent  lubricants  and  different  speeds.  They  observed
hat  geometrical  changes  in  piston  ring  have  signiﬁcant  role
o  reduce  PRA  friction.  Nautiyal  et  al.  (1983)  have  investi-
ated  the  coefﬁcient  of  friction  in  modiﬁed  machine  using
ctual  segments  of  cylinder  liner  and  piston  ring  and  also
bserved  that  it  remains  more  or  less  constant  with  increase
n  lubricant  temperature.  Radcliffe  and  Dowson  (1995)  used
 simpliﬁed  model  which  used  the  friction  force  predications
rom  the  model  that  correlate  well  with  the  measurements
ade  on  test  rig.  Sonthaliya  and  Kumar  (2013)  analysed  that
he  compression  ring  contributes  considerable  friction  and
ptimum  proﬁle  of  ring  provide  lower  friction  coefﬁcient  and
riction  force.
The  majority  of  the  literature  on  prediction  of  the  friction
orce  in  piston  ring  liner  assembly  is  based  on  assumption  of
he  compression  rings.  This  is  mainly  because,  compression
ing  contributes  the  largest  friction  among  the  other  ele-
ents  of  piston  ring  liner  assembly.  However,  in  a  piston  ring
iner  assembly,  the  variations  in  lubrication  regimes  and  ring
eometry  can  affect  signiﬁcantly  in  friction  characteristics.
xperimental setup
he  method  is  to  develop  attachments  for  segmented  piston
ing  and  liner  of  100  CC  capacity  of  PRLA  system  operated
y  motorised  tribometer.  The  present  laboratory  test  rig  is
onsists  of  ﬁxed  sleeve/liner  for  direct  measurement  of  fric-
ion  force  between  interfaces  of  segmented  piston  ring-liner
ssembly.  100  CC  capacity  of  PRLA  system  segmented  ring
ounted  in  the  holding  block  which  are  exact  dimensions  of
iston  groove  of  100  CC  engine. FT.  Chaudhari,  B.  Sutaria
eciprocating  friction  measurement  test  rig
he  attempt  has  been  made  on  experimental  investigations
he  friction  coefﬁcient  and  friction  force  at  actual  con-
act  with  ring  and  liner  of  various  capacities  of  PRA  for  the
tandard  reciprocating  test  rig  as  shown  in  Fig.  1.  The  test  rig
orks  under  medium  frequency  range  (30  Hz).  The  test  rig
rovides  a  reciprocating  motion,  which  makes  it  suitable  for
imulating  piston/cylinder  liner  dynamics.  The  main  advan-
age  of  this  bench  test  method  is  real  components  can  be
ested  similar  to  actual  system.
In order  to  evaluate  the  stable  friction  characteristics,
riction  force  measurements  are  performed  after  a  sufﬁ-
ient  sliding  test  to  ensure  stability.  Normal  load  is  applied
o  piston  ring  segment  via  bottom  of  the  liner  block  through
eaver  mechanism  for  maintained  uniform  load  distribution.
hile  in  actual  system  the  load  on  piston  ring  will  be  uniform
ecause  of  to  ring  tension  against  segmented  cylindrical
iner.  The  piston-assembly  in  the  current  experimental  setup
onsists  of  a  half  section  of  piston,  two  segments  of  com-
ression  rings.  A  segment  of  cylinder  liner  is  mounted  inside
he  quarter  cut  from  cylindrical  shape  of  stainless  steel
lock  (about  35  mm)  as  shown  in  Fig.  2.  The  compression
ings  are  mounted  in  the  grove  of  cut  section  piston  with
aintained  standard  gap  between  the  ring  and  ring  groove.igure  2  Work  holding  device  in  experimental  set  up.
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Table  1  Ring  geometric  dimensions  and  operating
parameters.
Piston  ring  parameters  and  variable  parameters
Ring  stroke  10  mm
Ring specimen  contact  length 25  mm
Ring thickness  (axial) 1.43  mm
Ring surface  roughness 0.251  micron
Liner  surface  roughness 0.535  micron
Ring tension  35  N
Viscosity  of  oil  —  SAE40  147.62  mm2/s  at  40 ◦C
12.44  mm2/s  at  100 ◦C
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Fig.  4  showed  friction  coefﬁcient  versus  speed  at  con-
stant  load  at  ambient  temperature  (40 ◦C)  for  SAE40  oil  and
SAE10W30  oil.  It  is  clearly  seen  from  Fig.  4,  as  increase  in
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device  of  the  liner  mounting  block.  It  is  to  measure  direct
friction  force  because  of  piston  primary  motion  of  piston
block.  Test  rig  has  facilitated  with  latest  labview  software
version  for  the  friction  characteristics  analysis.
Sample  preparation
Segmented  liner  and  piston  ring  is  used  for  measuring  fric-
tion  force  and  friction  coefﬁcient  of  the  PRLA  system.
Manufacturing  of  this  samples  takes  inclusion  of  many  types
of  manufacturing  process.  Firstly,  the  cylinder  liner  sleeve  of
100  CC  was  purchased  from  the  automotive  industries.  Then
liner  sleeve  made  to  cut  in  same  size  of  specimen.
The  detail  list  of  geometric  dimensions  is  given  in  Table  1.
The  measurement  of  this  system  is  used  to  study  the  effects
of  variation  of  friction  force  and  friction  coefﬁcient  for
different  loads,  different  speed,  lubricants  and  operating
conditions.
Results and  discussions
Here  it  is  discussed  on  the  experimental  investigation  of  fric-
tion  force  and  friction  coefﬁcient  between  the  piston  ring
and  liner  segments  of  100  CC  of  PRLA  system.  In  experimen-
tal  work,  piston  ring  and  liner  segment  have  been  considered
for  the  study  of  tribological  parameter  effects  on  friction.
Before  conducting  an  experiments  on  tribo  test  rig,  ﬁrst  of
all  identiﬁed  the  variables  and  non-variable  of  PRLA  systems.
The  considered  parameters  for  experimentations  are  60  N
load,  300  rpm  to  1500  rpm  and  constant  40 ◦C.
Effect  of  speed  variation  on  friction  force
It  is  clearly  seen  that  from  Fig.  3  that  friction  force  is
gradually  decreasing  with  increasing  operating  speeds  with
monograde  and  multigrade  oil  respectively  (SAE40  oil  and
SAE10W30  oil).  However,  the  friction  force  decreases  from
300  rpm  to  900  rpm  in  steps  of  300  rpm,  stiff  fall  of  friction
force  is  observed  in  case  of  monograde  oil.  While  in  case
of  multigrade  oil,  friction  force  reduces  gradually  due  to
better  and  optimum  viscosity  grade  of  oil  used  which  gives
low  value  of  friction  force  at  300  rpm.  The  shape  of  the
curve  is  reasonably  good  with  mixed  lubrication  regimes  of
the  Stribeck  curve.  Friction  force  is  observed  minimum  at
F
aigure  3  Experimental  friction  force  at  different  operating
peed  for  100  CC  capacity  of  PRLA  system  using  SAE40  oil  and
AE10W30.
500  rpm  for  both  the  cases.  Variation  in  decrement  in  val-
es  found  to  be  around  76%  in  monograde  oil  compared  to
5%  of  multigrade  oil  from  300  rpm  to  900  rpm.  But  decre-
ent  from  900  rpm  onwards  found  to  be  69%  for  monograde
il  compared  to  26%  for  multigrade  oil.  Hence  from  overall
cenario,  multigrade  oil  gives  less  variation  with  lower  fric-
ion  force  may  be  due  to  the  less  variation  in  viscosity  of  oil
ith  temperature  in  experimental  investigation  of  friction
orce.
ffect  of  speed  variation  on  friction  coefﬁcientSpeed (rpm)
300 600 900 1200 1500
igure  4  Friction  coefﬁcient  v/s  speed  at  constant  load  and
mbient  temperature  for  SAE40  and  SAE10W30.
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peed  from  300  rpm  to  1500  rpm  in  steps  of  300  rpm,  fric-
ion  coefﬁcient  trend  found  in  decrements.  The  nature  of
he  curve  is  observed  similar  to  the  Stribeck  curve  in  exper-
ments.  The  obtained  result  shows  that  average  coefﬁcient
f  friction  for  monograde  oil  found  0.04858  while  average
oefﬁcient  of  friction  for  multigrade  oil  found  0.0845.  Fric-
ion  coefﬁcient  is  observed  minimum  at  1500  rpm  for  this
perating  condition.
onclusion
 The  experimental  work  was  conducted  on  a  tribometer
with  an  application  of  monograde  and  multigrade  oils
(SAE40  and  SAE10W30)  on  speeds  ranging  from  300  rpm
to  1500  rpm  in  steps  of  300  rpm.  It  was  inferred  that  the
lubricants  plays  an  important  role  to  reduce  the  PRA  fric-
tion.
 It  is  found  that  the  maximum  values  of  the  frictional  force
are  higher  for  the  monograde  oil  which  may  cause  higher
wear  of  the  rings.  The  use  of  multigrade  oil  in  the  given
setup  would  cause  less  wear  of  piston  rings  due  to  reduced
frictional  forces.
 Friction  coefﬁcient  reduces  as  speed  increases  till
1500  rpm  for  speed  variation.  At  the  lower  speed,  friction
coefﬁcient  is  found  maximum  while  friction  coefﬁcient  is
TT.  Chaudhari,  B.  Sutaria
found  minimum  at  1500  rpm  in  both  lubricants  at  room
temperature  condition.  Friction  coefﬁcient  is  effectively
reduced  at  room  temperature.
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